In experimental autoimmune myocarditis (EAM) there is a characteristic initial focal inflammatory response in the myocardium, induced mainly by CD4 ϩ T cells and macrophages, which leads to massive myocardial damage. Macrophage inflammatory protein-1␣ (MIP-1␣) induces chemotaxis in lymphocytes, eosinophils, basophils, and macrophages. We assessed the potential role of MIP-1␣ in the pathogenesis of EAM in rats immunized with porcine myosin. Following immunization, the levels of MIP-1␣ mRNA in EAM showed an increase on Day 11 and peaked on Day 17. MIP-1␣-positive cells were predominantly immunoreactive to OX6 antibody (dendritic cells) and ED2 antibody (resident macrophages) by Day 14. Marked cellular infiltration was seen on Day 17 with the major population of MIP-1␣-positive cells also positive for ED1 (inflammatory macrophages). We then examined the association of MIP-1␣ with the development of myocardial inflammation. Rats were divided into three groups: Group A consisted of EAM rats (n ϭ 10); Group B consisted of EAM rats treated with anti-MIP-1␣ (1 mg/kg) on Days 11, 13, and 15, before the onset of initial inflammation (n ϭ 5); and Group C consisted of EAM rats treated with anti-MIP-1␣ from the start of the initial inflammation on Days 14, 16, and 18 (n ϭ 5). Rats were euthanized on Day 21 and three transverse sections of the heart were prepared to determine the percentage of the area affected by inflammatory lesions. This area of inflammation was significantly smaller in Group B (27 Ϯ 4%) than in Groups A (51 Ϯ 6%) or C (50 Ϯ 6%) (p Ͻ 0.01), indicating that the administration of antibody before the initiation of inflammation, in part, will inhibit myocardial inflammation. These data suggest that MIP-1␣ may play an important role in the recruitment of inflammatory cells in the early stages of EAM. (Lab Invest 2001, 81:929 -936).
A key feature of myocarditis is the infiltration of inflammatory cells into the myocardium with necrosis of adjacent myocytes (Woodruff, 1980) . Although the mechanism by which these cells traffic into the myocardium and accumulate there is not well understood, the phenomenon is generally considered to be induced by the local production and secretion of chemotactic cytokines (chemokines) by a wide variety of stimulated cell types. Chemokines are subdivided into two major classes depending on the position of the two cysteines, C-X-C and C-C, (Oppenheim et al, 1991) . The C-C family is primarily chemotactic for monocytes/macrophages, T lymphocytes, basophils, and eosinophils Schall, 1991; Taub et al, 1993) . Macrophage inflammatory protein-1␣ (MIP-1␣) is a C-C chemokine produced by macrophages , neutrophils (Kasama et al, 1993) , eosinophils (Costa et al, 1993) , and inflammatory fibroblasts (Lukacs et al, 1994) . It is expressed as one of the first C-C chemokines to appear at sites of inflammation (Natori et al, 1997) . The release of chemokines such as MIP-1␣, therefore, is regarded as a crucial step in cell recruitment, necessary for the initiation and maintenance of inflammatory responses (Cook, 1996; Strieter et al, 1996) .
In Coxsackievirus B (CVB) myocarditis, many of the pro-inflammatory chemokines, ie, MIP-1␣, MIP-2, monocyte chemoattractant protein-1 (MCP-1), MCP-3, cytokine-regulated gene-2, and RANTES, are up-regulated during the course of infection (Gebhard et al, 1998; Kishimoto et al, 2000) . MIP-1␣ transgenic knockout mice are resistant to Coxsackievirus B3 (CVB3)-induced myocarditis seen in infected wild-type mice (Cook et al, 1995) . CVB3-induced myocarditis was also reduced in perforin knockout mice. MIP-1␣ mRNA was barely detectable in CVB-infected perforin knockout mice, whereas MCP-1, MCP-3, cytokineregulated gene-2, and RANTES mRNA expression increased in response to CVB infection in both perforin knockout and wild-type mice. These data suggested that perforin-mediated lysis of infected myocytes triggered phagocytic infiltration and the consequent ex-pression of MIP-1␣, inducing further lymphocytic infiltration, which in turn caused further tissue damage (Gebhard et al, 1998) . Many experiments suggest that a virus-induced autoimmune response is caused by damaged myocytes exposing heart antigens (Horwitz et al, 2000; Rose, 2000) or molecular mimicry between epitopes shared by the virus and antigens of the heart (Badorff et al, 1999; Gauntt et al, 1991 Gauntt et al, , 1993 . It therefore seems likely that MIP-1␣ plays a crucial role in an autoimmune mechanism mediated by T cells during myocarditis.
Experimental autoimmune myocarditis (EAM) is a T cell-mediated disease (Hanawa et al, 1993; Kodama et al, 1992; Smith and Allen, 1991) characterized by the infiltration of T cells and macrophages, leading to massive myocardial necrosis, which later develops into dilated cardiomyopathy in the chronic phase (Kodama et al, 1994) . EAM is similar to the pathogenesis of some forms of human myocarditis, such as giant cell myocarditis, hypersensitivity myocarditis, and idiopathic myocarditis with a chronic or recurrent course (Kodama et al, 1991 (Kodama et al, , 1994 . EAM is an ideal model for exploring the specific immune effector mechanisms that cause ongoing myocardial damage in the absence of the complexities induced by prior viral infection (Smith and Allen, 1991) . In this study we assessed the potential role of MIP-1␣ in the pathogenesis of EAM in rats immunized with porcine myosin. 
Results

Time Course of MIP-1␣ mRNA Expression
Characteristics of MIP-1␣-Positive Cells
The onset of EAM after immunization with cardiac myosin on Day 14 showed infiltrating mononuclear cells, including OX6-, ED2-, W3/25-, or ED1-positive cells, although necrosis of myocytes was rare (initial inflammation). Double staining using anti-MIP-1␣ and ED1, ED2, OX6, OX19, or OX33 antibody revealed MIP-1␣ immunoreactivity in ED2-positive cells and OX6-positive cells that were scattered throughout the interstitium of normal rat hearts (Fig. 3) . By Day 14, MIP-1␣-positive cells were predominantly immunoreactive for OX6 and ED2. Mononuclear cells were scattered throughout the myocardium, but by Day 11 had gathered together gradually, frequently forming clusters in the myocardium by Day 14. Most of these clustering cells were composed of OX6-positive cells immunostained with the MIP-1␣ antibody (Fig. 3) . Analysis of in situ RT-PCR revealed that MIP-1␣ transcripts were amplified and detected in mononuclear cells. This positive signal was more clearly present in clustering cells on Day 14. However, MIP-1␣ transcripts were not detectable in cardiac myocytes. Signal was also absent when RT enzyme was omitted (Fig. 3) . Day 17 showed marked cellular infiltration with the major population of MIP-1␣-positive cells also ED1-positive. Macrophage inflammatory protein-1␣ (MIP-1␣) mRNA-expression in experimental autoimmune myocarditis (EAM). RNA was isolated from five normal rats (Day 0), five myosin-immunized rats (EAM), and three control rats (Control). mRNA was reverse transcribed and gene-specific primers were used for polymerase chain reaction analysis.
Figure 2.
Time course of MIP-1␣ mRNA expression in EAM. The amounts of MIP-1␣ mRNA were normalized to the level of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) at each time point. The ratio of MIP-1␣/GAPDH in EAM rats (solid bars) was higher than in control rats (open bars) on Days 11, 14, 17, and 21. ¶, p Ͻ 0.05 compared with normal rats (hatched bar).
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Kinetics of OX6-or ED2-Positive Cells
The number of OX6-or ED2-stained cells that were also predominantly immunoreactive for MIP-1␣ by Day 14 was calculated from Day 0 to Day 14 (Fig. 4) 
MIP-1␣
ϩ cells per mm 2 returned to normal on Day 11 (54 Ϯ 10) and significantly increased on Day 14 (89 Ϯ 14) (p Ͻ 0.001). In the control rats, however, the Immunohistochemical staining (A to D) and in situ RT-PCR (E and F) in normal rats and myosin-immunized rats. A to C, MIP-1␣ was stained with diaminobenzidine (brown) and OX6 or ED2 with Fast Blue (blue). A, Double staining using anti-MIP-1␣ and OX6 in normal rat (ϫ640). B, Double staining using anti-MIP-1␣ and ED2 in normal rat (ϫ640). C, Double staining using anti-MIP-1␣ and OX6 in myosin-immunized rats on Day 11. OX6
ϩ MIP-1␣ ϩ cells were found to have gathered together (ϫ640). D, OX6-positive cells formed large clusters in myosin-immunized rats on Day 14 (ϫ100). E, In situ RT-PCR for MIP-1␣ mRNA (ϫ320). Positive signal was detected by a direct immunoperoxidase method using diaminobenzidine (brown) on Day 14. F, Negative control omitting RT enzyme (ϫ320). D to F, The sections were counterstained with hematoxylin.
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Laboratory Investigation • July 2001 • Volume 81 • Number 7 number of OX6 ϩ MIP-1␣ ϩ cells did not increase at these stages. In contrast to the OX6-positive cells, the number of ED2 ϩ MIP-1␣ ϩ cells stayed at normal levels from Day 8 to Day 14 in both the myosin-immunized rats and the control rats (Fig. 4) .
Administration of Anti-MIP-1␣ Antibody
The heart weight per body weight ratio (mg/g) in Group A (myosin-immunized rats), Group B (myosinimmunized rats treated with anti-MIP-1␣ antibody on Days 11, 13, and 15), and Group C (myosinimmunized rats treated with anti-MIP-1␣ antibody on Days 14, 16, and 18) was 7.9 Ϯ 0.9, 6.7 Ϯ 0.3, and 7.4 Ϯ 0.3, respectively. The ratio was significantly smaller in Group B than in Group A (p Ͻ 0.05). Tissue specimens from rats in Groups A and C exhibited marked infiltration by inflammatory cells, including lymphocytes, macrophages, neutrophils, and giant cells with extensive necrosis of cardiac myocytes. In contrast, the infiltration of the myocardium by inflammatory cells and necrosis of myocytes was reduced in Group B (Fig. 5) . As shown in Figure 6 , the affected area ratio in Groups A, B, and C was 51 Ϯ 6%, 27 Ϯ 4%, and 50 Ϯ 6%, respectively. The affected area was significantly smaller in Group B than in Groups A or C (p Ͻ 0.0001). However, there was no significant difference between Group A and rats treated with rabbit IgG (1 mg/kg) on Days 11, 13, and 15 (47 Ϯ 5%).
Discussion
In this study, expression of MIP-1␣ mRNA was enhanced in the hearts of EAM rats starting from Day 11 compared with control rats, and serial treatment with anti-MIP-1␣ antibody on Days 11, 13, and 15 was effective in reducing myocardial lesion in EAM. This effect of anti-MIP-1␣ was specific, because an equivalent dosage of normal rabbit IgG had no effect on the suppression of myocardial damage. The administration of anti-MIP-1␣ after Day 14, however, did not prevent the development of EAM.
The onset of EAM occurs approximately 2 weeks after the injection of cardiac myosin (Kodama et al, 1991) . At this time small numbers of CD 4 ϩ T cells and macrophages also start to infiltrate the myocardium.
Because MIP-1␣ drives type 0 helper T cells to differentiate to type 1 helper T cells (Karpus and Kennedy, 1997) , several cytokines may be produced by type 1 helper T cells or macrophages on Day 14. In addition, Histopathologic findings. A (Group A) and C (Group C), Marked inflammatorycell infiltration, such as lymphocytes, macrophages, neutrophils, and giant cells and extensive necrosis of cardiac myocytes is noted (ϫ200). B (Group B), Anti-MIP-1␣ antibody reduced the infiltration into the myocardium by inflammatory cells and the necrosis of myocytes (ϫ200).
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MIP-1␣ can act as an autocrine and/or a paracrine regulator (Fahey et al, 1992; Graham et al, 1990) , stimulating the secretion of tumor necrosis factor by macrophages (Fahey et al, 1992) . In fact, in EAM, strong expression of type 1 helper T cell cytokine (interleukin-2 mRNA) was seen at Day 14 and proinflammatory cytokines (interleukin-1␤ and tumor necrosis factor-␣) were detected during the maximum inflammatory phase on Day 19 (Okura et al, 1997) . MIP-1␣, therefore, may play a role in the initial recruitment of inflammatory infiltrate in EAM, as seen in an autoimmune encephalomyelitis model (Karpus et al, 1995) . After the initial cell recruitment on Day 14, pro-inflammatory and T cell-stimulatory cytokines, ie, interleukin-1␤, interferon-␥, tumor necrosis factor-␣, and interleukin-2, may take the place of MIP-1␣ in the development of EAM.
MIP-1␣ shares many of its pro-inflammatory and chemotactic functions with other members of the C-C chemokine family. Many of the pro-inflammatory chemokines are up-regulated in CVB-induced myocarditis (Gebhard et al, 1998; Kishimoto et al, 2000) . Because anti-MIP-2 treatment prevented inflammatory response in CVB-induced myocarditis, MIP-2 was considered to be a major neutrophil and lymphocyte chemoattractant contributing to myocardial influx or infiltration in viral myocarditis (Kishimoto et al, 2000) . Therefore, although MIP-1␣ is blocked by neutralizing antibodies, other chemokines, as seen in CVB-induced myocarditis, may induce inflammatory responses.
Production of MIP-1␣ in the central nervous system correlates with development of severe clinical disease in experimental autoimmune encephalomyelitis, which is a CD4ϩ T cell-mediated, inflammatory demyelinating disease of the central nervous system. Antibodies to MIP-1␣ have also been shown to ameliorate encephalomyelitis in the mouse (Karpus et al, 1995) . In the murine type II collagen-induced arthritis animal model of rheumatoid arthritis, treatment with antibody to MIP-1␣ or MIP-2 decreased the severity of the disease (Kasama et al, 1995) . Taken together these data indicate that MIP-1␣ may play an important role in the development of several autoimmune diseases, including EAM, encephalomyelitis, and arthritis.
It is not clear what cell type produces MIP-1␣ in autoimmune diseases. In this study, MIP-1␣ mRNA was detected in normal rat heart, and immunoreactivity was revealed in OX6-and ED2-positive cells. During development of myocarditis, the expression of MIP-1␣ mRNA was enhanced in EAM rats compared with control rats, and the extent of the increase grew from 4-fold (Day 11) to 8-fold at its peak (Day 17). By Day 14, before the onset of EAM, the major population of MIP-1␣-positive cells was also OX6-or ED2-positive. MIP-1␣, therefore, may be produced primarily by OX6-positive or ED2-positive cells before the onset of EAM. OX6 ϩ MIP-1␣ ϩ cells were seen approximately one half as frequently as ED2 ϩ MIP-1␣ ϩ cells in normal rats, as reported previously (Suzuki, 1995) . Before the onset of EAM, the number of OX6 ϩ
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ϩ cells transiently decreased on Day 8 and then gradually increased from Day 11 in myosinimmunized rats, but not in control rats. The increase in OX6
ϩ MIP-1␣ ϩ cells in myosin-immunized rats was 2-fold on Day 14 compared with control rats. However, the number of ED2 ϩ MIP-1␣ ϩ cells remained at normal levels in both myosin-immunized and control rats. The change in the number of OX6-positive cells corresponded with the change in the levels of MIP-1␣ mRNA in both groups. Using in situ RT-PCR with primers for MIP-1␣ mRNA, MIP-1␣ transcripts were detected in mononuclear cells, especially in clustering cells, on Day 14. Immunohistochemical study revealed that most of clustering cells were composed of OX6 ϩ MIP-1␣ ϩ cells. OX6 mouse anti-rat Ia (MHC class II) antibody has been used to identify cardiac dendritic cells (DC) (Darden et al, 1987) . Immunohistochemical and ultrastructural findings have suggested that OX6-positive cells present in the early phase of EAM were cardiac DC (Suzuki, 1995) . In general, DC can activate immunologically naive T cells in the initiation of cell-mediated immune reaction (Steinman, 1991) . Langerhans cells, characterized by nonlymphoid DC in the skin, synthesize and secrete interleukin-1␤ and interleukin-6, cytokines known to be important accessory molecules in T cell activation (Schreiber et al, 1992) . Langerhans cells are the major source of MIP-1␣ mRNA in the skin (Heufler et al, 1992; Matsue et al, 1992) . OX6-positive cardiac DC, therefore, rather than ED2 ϩ resident macrophages, are the main producers of MIP-1␣ during the initiation of EAM, similarly to Langerhans cells in the skin. MIP-1␣ produced by cardiac DC may regulate the initial recruitment of CD4 ϩ T cells and macrophages in the myocardium. Cardiac DC may then activate these cells to initiate the cell-mediated immune reaction.
In conclusion, MIP-1␣ mRNA is highly expressed in experimental rat myocarditis. Administration of antibody against MIP-1␣ reduces myocardial inflammation when treated before onset of initial inflammation. MIP-1␣ may regulate the recruitment of inflammatory cells in the early stages of EAM and play an important role in the development of EAM. Affected area ratio. A, The area ratio in Groups A (n ϭ 10), B (n ϭ 5), and C (n ϭ 5) was 51 Ϯ 6%, 27 Ϯ 4%, and 50 Ϯ 6%, respectively. B, The group treated with normal rabbit IgG on Days 11, 13, and 15 (47 Ϯ 5%) was not statistically different from Group A.
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Materials and Methods
Animals
Female 7-week-old Lewis rats were purchased from Charles River Japan Inc. (Kanagawa, Japan) and maintained at the Laboratory Animal Center, School of Medicine, Chiba University, Chiba, Japan.
Induction of EAM
The protocol for these experiments was approved by the Special Committee on Animal Welfare of the Inohana Campus of Chiba University. EAM was induced in rats as previously described (Ishiyama et al, 1997 (Ishiyama et al, , 1998 Kodama et al, 1991) . Rats were immunized twice, with a 7-day interval between injections, by foot pad injection of 10 mg/mL of porcine cardiac myosin (Sigma Chemical, St. Louis, Missouri) emulsified in Freund's complete adjuvant (Sigma Chemical) or in adjuvant alone for control rats. Rats were then injected with 0.1 mL of Bordetella pertussis (Nacalai Tesque, Kyoto, Japan) dissolved in 0.9 mL of saline solution via the caudal vein, 2 and 5 days after the first immunization.
Reverse-Transcription Polymerase Chain Reaction
Hearts were removed from five myosin-immunized rats and three control rats on Days 8, 11, 14, 17, and 21 after the first immunization and from five normal rats on Day 0. A transverse section from each rat was embedded in Optimal Cutting Temperature Compound (OCT Compound; Miles Laboratories, Naperville, Illinois) and rapidly frozen in liquid nitrogen for immunohistochemical evaluation. The rest of the tissue was frozen in liquid nitrogen for RNA isolation. Total RNA was prepared from the myocardium using the RNeasy MIDI Kit (Qiagen, Hilden, Germany). cDNA was synthesized from 1 g of total RNA using random hexamer oligonucleotides (pd[N] 6 ; Pharmacia P-L Biochemical, Milwaukee, Wisconsin) and M-MLV reverse transcriptase (Life Technologies, Gaithersburg, Maryland) using a standard protocol. Two microliters of the cDNA reaction mixture were used as a template for PCR. The following sense/ antisense primers were used for amplification of MIP-1␣ cDNA (Natori et al, 1997; Shi et al, 1995) : 5'-TCAGCA-CCATGAAGGTCTCCAC-3' and 5'-CTCAGGCATTTAG-TTCCAGCTC-3'. The efficiency of the cDNA synthesis from each sample was estimated by RT-PCR with GAPDH sense/antisense primers (Natori et al, 1997) : 5'-TTCTACCCACGGCAAGTTCAA-3' and 5'-GGATGA-CCTTGCCCACAGC-3'. Amplification was performed for 33 cycles (MIP-1␣) or 25 cycles (GAPDH) with a denaturing temperature of 94°C for 1 minute, an annealing temperature 63°C for 2 minutes, and an extension temperature 72°C for 3 minutes. The PCR procedure was performed at least three times for each sample. RT-PCR products were separated on a 3% agarose gel. Signals were evaluated by densitometry using the National Institutes of Health (NIH) Image 1.59 software program (NIH, Bethesda, Maryland) and the ratio of intensity of MIP-1␣-specific signal to intensity of GAPDH-specific signal (MIP-1␣-signal/GAPDH-signal) was calculated. The optimal number of amplification cycles and the annealing temperature used for semiquantitative RT-PCR were chosen on the basis of previously published data to be within the linear range of the reaction (Natori et al, 1997) .
Immunohistochemical Study
Cryostat sections were cut sequentially at 4 m and fixed in acetone for 10 minutes. To identify inflammatory cells, we used mouse monoclonal antibodies against OX6 (Serotec Ltd., Oxford, United Kingdom), which recognizes major histocompatibility complex (MHC) class II-expressing cells, including DC, some macrophages, and B lymphocytes; ED1 (PharMingen, San Diego, California), a marker for inflammatory macrophages; ED2 (BioSource International, Camarillo, California), a marker for resident macrophages; OX19 (Serotec Ltd.), a marker for pan-T cells; W3/25 (Serotec Ltd.), a marker for CD4 T cells; OX8 (Serotec Ltd.), a marker for CD8 T cells; and OX33 (Serotec Ltd), a marker for B cells. Double staining using rabbit anti-rat MIP-1␣ (BioSource International) and ED1, ED2, OX6, OX19, W3/ 25, OX8, or OX33 on a single section was done using a modified Nakane method (Nakane, 1968) . MIP-1␣ was localized by the streptavidin-biotin complex method performed according to a standard protocol for a Histofine SAB-PO Kit from Nichirei (Tokyo, Japan). Antibodies were removed from the sections by glycine-hydrochloric acid buffer, pH 2.2, leaving the colored reaction products of diaminobenzidine. The second antigen was localized similarly, using the Fast Blue Substrate Kit (Nichirei), which develops reaction products of a different color from diaminobenzidine. The number of immunohistochemical-stained cells was calculated using a CAS 200 (Becton Dickenson, San Jose, California). The resultant data were expressed as the mean number Ϯ SD per mm 2 .
In Situ Reverse Transcription-Polymerase Chain Reaction
The heart sections were fixed in 4% paraformaldehyde in 0.1 M phosphate buffer, pH 7.4, overnight at 4°C for in situ RT-PCR (Martinez et al, 1995) , embedded in paraffin, and cut into 4-m-thick sections. After dewaxing, the samples were boiled in 10 mM citrate buffer, pH 6.0. First strand cDNA was synthesized by adding approximately 10 ϫ RNA PCR buffer (Takara Shuzo, Shiga, Japan), 5 mM MgCL 2 , 1 mM dNTPs, 60 U RNasin (Promega, Madison, Wisconsin), 25 U AMV RTase XL (Takara Shuzo), and 2.5 M antisense primer, and incubating at 42°C for 1 hour. The samples were then exposed to 1 U/L DNase (Roche Molecular Biochemicals, Mannheim, Germany) in 1 ϫ PCR buffer overnight at 37°C. For PCR, amplifications were carried out in a reaction mixture of 10 ϫ Ex Taq Buffer (Takara Shuzo), 2.5 mM MgCl 2 , 0.2 mM dNTPs, 20 M digoxigenin-11-dUTP (Boehringer Mannheim, Mannheim, Germany), 0.8 M each primer, 8.5 U TaKaRa Ex Taq (Takara Shuzo). The samples were heated to 94°C for 3 minutes, cycled at 94°C for 1 minute, 60°C for 1 minute, and 68°C for 1.5 minutes, for 30 cycles, and then cooled. The samples Toyozaki et al were incubated with 2% blocking reagent (Boehringer Mannheim) in blocking buffer (100 mM Tris-HCl, pH 7; 150 mM NaCl; 0.1% Tween 20) at room temperature for 30 minutes and then reacted with antidigoxigenin antibody conjugated with horse-radish peroxidase (Boehringer Mannheim) at room temperature for 30 minutes. The labeling peroxidase was visualized with diaminobenzidine and hydrogen peroxide. Omission of AMV RTase XL was used as negative control.
Neutralization of MIP-1␣
We investigated the effects of rabbit anti-rat MIP-1␣ neutralizing antibody (BioSource International) in EAM. Rats were divided into three groups: Group A consisted of myosin-immunized rats (n ϭ 10), Group B consisted of myosin-immunized rats treated with anti-MIP-1␣ (1 mg/kg) on Days 11, 13, and 15 (n ϭ 5), and Group C consisted of myosin immunized rats treated with anti-MIP-1␣ (1 mg/kg) on Days 14, 16, and 18 (n ϭ 5). Rats were euthanized on Day 21 to determine the percentage of the area affected by inflammatory lesions on the basis of a previous report (Ishiyama et al, 1997 (Ishiyama et al, , 1998 . Three transverse sections of the heart from each rat were prepared, fixed in 10% buffered formalin, embedded in paraffin, cut into 3-m-thick sections and stained with hematoxylin and eosin. Areas of the entire heart and regions affected by myocarditis with infiltration by inflammatory cells and myocardial necrosis were determined with the NIH Image 1.59 software program and the area ratio (affected area/entire area, as a percentage) was calculated.
Statistical Analysis
Results are expressed as mean Ϯ SD. Student's t test was used for the comparison between the two groups. Statistical significance of differences among the three groups was assessed by one-way analysis of variance (ANOVA) and Scheffe's multiple comparison method test. Findings of p Ͻ 0.05 were considered statistically significant.
